Objectives -We aim to assess the impact of early nocturnal blood pressure (BP) variation in the functional outcome of patients after an acute ischemic stroke. Materials and methods -We included consecutive stroke patients treated with intravenous thrombolysis (IVrtPA) in a tertiary stroke center. BP measurements were performed at regular intervals throughout day and night during the first 48 h after stroke onset, and subjects were divided into four dipping categories (extreme dippers, dippers, non-dippers, and reverse dippers). Recanalization was assessed by transcranial color-coded Doppler and/or angiographic CT. Hemorrhagic transformation was evaluated at 24 h follow-up CT scan. Functional outcome was evaluated at 3 months after stroke using the modified Rankin Scale. Results -A total of 304 patients were included, mean age 72.80 AE 11.10 years. After 24 h of systolic BP monitoring, 30.59% were classified as reverse dippers, 39.14% as non-dippers, 19.10% as dippers, and 11.18% as extreme dippers. Multivariate analysis did not show an independent association of any dipping class with 3-month functional outcome. Hemorrhagic transformation was not uniform between dipping classes: 25.81% for reverse dippers, 14.29% for non-dippers, 15.52% for dippers, and 5.88% for extreme dippers, P = 0.033. Conclusions -Nocturnal BP dipping pattern is not associated with functional outcome at 3 months in acute stroke patients treated with IVrtPA. Hemorrhagic transformation was more frequent in reverse dippers.
Introduction
Recanalization of the occluded arterial territory remains the mainstay of acute ischemic stroke treatment (1, 2) . Nevertheless, medical care in the first hours after acute stroke can significantly influence clinical outcome. Specifically, optimal blood pressure (BP) management in this setting is still a matter of debate (3) . This is emphasized by the transient ipsilateral disruption of cerebral autoregulation in the first days after stroke, making perfusion of the ischemic tissue directly dependent on systemic BP (4, 5) . Moreover, BP follows circadian changes including a nocturnal dipping (6) . Despite the recognized beneficial effect of nocturnal dipping in physiological circumstances, in the context of acute stroke, with autoregulation impairment, the clinical consequences of these fluctuations are still undetermined.
The main objective of this study was to investigate the clinical impact of different dipping profiles in the context of acute ischemic stroke.
Materials and methods

Study population
We included consecutive patients with acute ischemic stroke, treated with IV thrombolysis (IVrtPA) and admitted at the Neurology Department of the Coimbra University and Hospital Centre from July 2009 to May 2013. The exclusion criteria were as follows: patients that underwent intra-arterial treatments (in addition to IVrtPA); had insufficient BP data (i.e., incomplete post-stroke first 24 h BP readings due to patient death or early hospital transfer); an unfavorable prior functional status, defined by a previous modified Rankin Scale (mRS) (7) score >2; and administration of continuous intravenous BP drug treatment, including labetalol and amines. The algorithm for study inclusion is presented in Fig. 1 .
Vascular risk factors were collected from a prospectively defined local clinical registry. The study was approved by the institutional ethics committee of the Coimbra University and Hospital Centre. Signed informed consent was obtained from all patients or their legal representatives.
Blood pressure measurements
In our institution, all patients treated with IVrtPA for acute ischemic stroke are admitted at the local stroke unit. According to this unit's protocol, all vital signs are measured at predetermined time intervals. BP readings were performed automatically every 2 h during daytime and every 3 h during nighttime. Diurnal measurements were obtained between 8 am and 11 pm and nocturnal measurements between 11 pm and 8 am.
The mean diurnal and nocturnal systolic BP (SBP) and diastolic BP (DBP) during the first 24 h post-stroke were calculated. To determine the nocturnal BP percent fall, we applied the following formula: 100 9 [1 À (mean nocturnal SBP/mean diurnal SBP)] (8). Finally, patients were categorized as reverse dippers if dipping <0% (that is, a rise in mean nocturnal SBP as compared to mean diurnal SBP), non-dippers if fall ≥0 and <10%, dippers if ≥10 and <20%, and extreme dippers if decrease ≥20%.
Additional classifications of dipping classes were performed using the same formula, but considering the diastolic instead of systolic BP and for the BP measurements during the second day of admission (at 48 h).
Neurological assessment, hemorrhagic transformation, and artery recanalization
To assess functional status at admission, we used the National Institute of Health Stroke Scale (NIHSS). For the 3-month functional outcome, we used the mRS (7). This information was obtained from the follow-up appointment registry or, when missing, by telephone contact with the patient or relative (9) . The 3-month mRS data were then dichotomized into favorable (for patients functionally independent at 3 months; mRS≤2) or unfavorable outcome (for dependency or death; mRS>2). Time to treatment was defined as minutes from stroke onset to beginning of IVrtPA and hour of stroke as the time at symptomatic installation/last seen well.
Arterial recanalization was assessed by transcranial color-coded Doppler (TCCD) or computerized tomography (CT) angiography of intracranial arteries performed 2 h after IVrtPA perfusion. We considered recanalization as grades 4 or 5 from the thrombolysis in brain ischemia (TIBI) classification using TCCD (10) or visualization of contrast perfusion in all symptomatic vessels by CT angiography 2 h after IVrtPA.
Hemorrhagic transformation was graded in the 24 h follow-up CT scan according to the European Cooperative Acute Stroke Study (ECASS) scoring system (11) . Only parenchymal hemorrhages (PH), grades 1 or 2, were considered as hemorrhagic transformation. Symptomatic intracerebral hemorrhage (SICH) was defined by the presence of local or remote parenchymal hemorrhage temporally and causally related to deterioration of the patient's clinical condition in the judgment of the clinical investigator (12) .
Statistical analysis
Primary outcome was functional outcome at 3 months. We performed univariate analyses comparing the four dipping classes with baseline characteristics, hemorrhagic transformation and SICH using chi-square test or t-test where appropriate. Dippers were used as the reference category and were separately compared with extreme dippers, non-dippers, and reverse dippers. Independent predictors of 3-month functional outcome were determined using a binary logistic regression. The variables included in the multivariate model were BP dipping category (defined as a categorical variable, with dippers as the reference category) and established independent functional stroke outcome predictors, namely age, NIHSS at admission, and arterial recanalization (Regression Model A). No other risk factor was included considering the results of the univariate analysis (Table S1 ). We performed additional comparisons adding hour of stroke onset, SBP at admission, and SICH to the already-mentioned variables. Subsequently, we reran Regression Model A restricting the population to those without effective arterial recanalization post-thrombolysis. Finally, we reran the regression models but using different BP dipping definitions considering systolic BP variability in the 48 h post-stroke and using diastolic BP other than systolic. We considered statistically significant two-sided P-values <0.05.
Results
During the study period, a total of 360 patients were treated with IVrtPA for acute ischemic stroke. For our analysis, we included 304 patients, mean age 72.80 AE 11.10 years ( Table 1 ). The analysis of blood pressure variation in the first 24 h identified 93 (30.59%) patients as reverse dippers, 119 (39.14%) as non-dippers, 58 (19.10%) as dippers, and 34 (11.18%) as extreme dippers (Fig. 1) . Considering the diastolic BP definition for dipping profile, 93 (30.6%) were reverse dippers, 101 (33.2%) non-dippers, 68 (22.4%) dippers, and 42 (13.8%) extreme dippers. The circadian systolic blood pressure analysis at 48 h was available for 276 (90.8%) patients: 91 (33.0%) reverse dippers, 120 (43.5%) non-dippers, 57 (20.7%) dippers, and 8 (2.9%) extreme dippers.
Univariate analysis of first 24 h systolic dipping classes for all baseline variables did not show any statistically significant changes (Table S1) .
In multivariate analysis, after adjusting for age, baseline stroke severity, and recanalization, no 24 h dipping class was associated with the 3-month functional outcome (Table 2) . Additional regression models with the inclusion of hour of stroke onset, admission systolic blood pressure, and SICH showed no differences between dipping classes (Table 2) . These results were similar when analyzing only non-recanalyzed patients. The use of different dipping definitions, namely dipping of diastolic pressure in the first 24 h (Table 3 ) and dipping of systolic blood pressure at 48 h (Table S2) , did not significantly change the results.
The rate of SICH was not statistically different between dipping classes (Fig. 2C.) . Hemorrhagic transformation was not uniform between dipping classes: 25.81% for reverse dippers, 14.29% for non-dippers, 15.52% for dippers, and 5.88% for extreme dippers, P = 0.033 (Fig. 2D.) .
Discussion
The main findings of our study are that blood pressure dipping profile in the setting of acute stroke care does not seem to influence functional prognosis, although reverse dipping is associated with more frequent hemorrhagic transformation.
The relative frequencies of dipping classes in our study were different from reports in nonstroke and chronic stroke populations, specifically with a decrease in dippers and increase in all other classes, more pronounced in reverse and extreme dippers. These data confirm an impairment of circadian BP control in acute ischemic stroke (6, 8, (13) (14) (15) . Notably, baseline characteristic was similar across the different dipping profiles (Table S1 ).
Up to three quarters of patients with acute ischemic stroke have elevated BP at presentation, of which only half have a previous history of hypertension. Over the course of the first week, most will spontaneously return to prestroke levels (16) (17) (18) . Many factors may concur to this acute rise in BP; nonetheless, it is recognized, at least to some extent, as an adaptive mechanism to maintain cerebral perfusion. In fact, persistent arterial occlusion has been associated with longer periods of elevated SBP in the subacute stage (19) . Moreover, cerebral autoregulation has been demonstrated to be transiently impaired in the first 5 days after an unsuccessful IVrtPA treatment (5). This is especially the case of patients with persistent occlusions, mostly dependent on adequate collateral circulation and particularly vulnerable to systemic BP fluctuations. Considering a possible simple early dampening effect of BP, we adjusted our model for baseline BP with consistent findings. In the absence of autoregulation, extreme dippers could be at a particular risk of supplementary ischemia; nevertheless, these subjects do not have different functional prognosis. It is noteworthy that in Fig. 2B , the relationship of recanalization with good outcome is especially true in extreme dippers, and in Table  S1 , this dipping class shows a trend for association with higher recanalization rates, suggesting again that a significant decrease in BP will mostly be due to a physiological response to recanalization. Altogether, these data seem to suggest that the circadian BP variation may predominantly be an adaptive response to the vascular status of a certain patient. It is noticeable that our findings were replicated considering different definitions of BP dipping and at distinct timepoints. Another possible interpretation would be that the clinical impact of autoregulation impairment may not be universal. Nevertheless, it should be noted that autoregulation was not assessed in this study.
Recanalization has been recognized as one of the strongest predictors of good clinical outcome (20) . However, as shown in Fig. 2B , this does not seem to be absolutely true for reverse dippers that show a wide variability of functional outcome. This appears to be explained by the higher rates of hemorrhagic transformation in reverse dippers (Fig. 2D) . This result is substantiated by previous studies indicating that blunted nocturnal BP dip is more frequent in patients with hemorrhagic stroke (21) . Additionally, reperfusion is a well-established predictor of hemorrhagic transformation, blood-brain barrier dysfunction, and thus loss of autoregulatory mechanisms (22, 23) . Put together, these data suggest that reverse dipping in the acute stage might be related to reperfusion injury in recanalyzed patients. Whether nocturnal rise of BP acts as a promoter or simply a marker of this injury is not possible to conclude; nonetheless, it is an information with potential therapeutical implications.
The few previous studies on circadian BP in the acute stroke setting have been mainly descriptive or comparing stroke etiologies (6, 15) . Two small studies on BP dipping in acute stroke showed contradictory univariate comparisons of functional outcome, unaccounting for clinical prognostic indicators, acute stroke treatment, or arterial recanalization (8, 14) . Our study was able to evaluate the independent association of dipping profile with clinical outcome in a large cohort of acute stroke patients, assessing possible pathophysiological mechanisms. A few limitations to our study require consideration in its analysis. First, it was a singlecentered study. However, the patients enrolled in our study were similar to other stroke cohorts supporting the external validity of the study. Moreover, the retrospective nature of the study design raises the possibility of classification and measurement bias. Nonetheless, considering the objective variables analyzed, this is unlikely to have significantly influenced the results. Also, there is no consensus on the ideal BP dipping definition, and therefore, we chose the most widespread and user-friendly concepts, repeating our analysis for each definition with consistent results. Lastly, despite being a moderately large stroke population, some individual dipping classes did not have many patients. Considering the small confidence intervals obtained, it is unlikely that an even greater number would render statistical significance, although a larger multicenter study would definitely increase confidence and applicability of these results.
In conclusion, early BP nocturnal dipping profile was not related to functional outcome in acute stroke patients submitted to IVrtPA. Nonetheless, nocturnal BP variation should be interpreted in light of the patient's vascular status, particularly reverse dipping which may be a sign of reperfusion injury with hemorrhagic transformation. D 
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